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1. Introduction
   In the monocytic route of cell maturation, cell differentiation 
is normally induced to form monocytes and macrophages 
which play key phagocytic role in bacterial killing. U937 cells 
are histiocytic lymphoma cell lines which have the ability 
to differentiate into mature macrophages under the effect 
of different inducers[1]. They preserve all the monoblastic 
characteristics of in vivo monocytes. Currently, U937 cells 
are used as an effective in vitro model cell for biomedical 
research[2]. These cells retain the immature cell phenotype and 
can be induced to differentiate by several stimuli such as the 
phorbol acetates. As a myeloid cell, they are shown to cover a 
large number of cytokines, HLA alleles and chemokines either 
constitutively or in response to stimuli[3-5]. 
   Conditions that stimulate differentiation are likely to increase 
the contribution of immune cells to host defense mechanism in 
diseased state. Cellular differentiation however is the process 
by which a less specialized (undifferentiated) cell becomes 
a more specialized cell type (differentiated). Differentiation 
dramatically changes a cell’s size, shape, membrane potential, 
metabolic activity, and responsiveness to signals[6]. These 
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Objective: To investigate the effect of phorbol 12-myristate 13-acetate (PMA) and formyl-
methionyl-leucyl-phenylalanine (FMLP) on oxygen consumption of differentiated and non-
differentiated immune cell lines by retinoic acid and calcitriol treatment which might be useful 
in subsequent elicitation of immunological action during immunosuppressive states.
Methods: PMA and FMLP were used to artificially stimulate reactive oxygen production in 
cultured promonocytic U937 cell line. Paralleled samples of the cultured cells were separately 
prepared with calcitriol (1, 25- dihydroxyvitamin D3) and retinoic acid followed by a 72-hour 
incubation period. The rate of respiratory burst was measured using the Clark oxygen electrode. 
Results: The average increase in cell concentrations per mL observed was significantly higher in 
retinoic acid-treated cells (9伊10
6 cells/mL) when compared with calcitriol-treated samples (4伊10
6 
cells/mL). There was a marked increase in oxygen consumption of the calcitriol-treated cell lines 
against the retinoic acid-treated ones. Exposure of differentiated U937 cells to PMA and FMLP 
increased significantly (P<0.05) in their oxygen consumption when compared with the control. 
PMA calcitriol-treated cells resulted in 55% oxygen consumption more than the control while FMLP 
oxygen consumption increased 78% by comparison with the control.
Conclusions: The result demonstrated that calcitriol may serve as a physiological promoter 
of normal differentiation of precursor cells which may exert an immunological action. This 
effect could elicit a marker potential and increase immune cell activity of the host especially in 
immunosuppressed diseased states.
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changes are largely due to highly controlled modifications 
in gene expression[7]; other principal characteristics of 
differentiated cells have been shown to be stability of the 
differentiated state throughout many cell generations[8], 
induction by specific stimuli which usually persist after 
the removal of the stimuli[9], and precede morphological 
difference in organisms[10]. It is now better understood that 
the use of a model system in research circumvents numerous 
issues encountered with the use of primary blood cell such 
as available cell numbers, high cost and tedious procedure. 
Several myeloid cell lines (HL60, THP-1, Mononomac-1, U937) 
are employed in the study of cell differentiation however, U937 
cells and THP1 cells remain the most widely used models for 
studying monocytic differentiation and its resultant biological 
functions[11,12]. 
   It is well known that the agonists phorbol 12-myristate 13-
acetate (PMA) and formyl-methionyl-leucyl-phenylalanine 
(FMLP) stimulate respiratory burst in neutrophils (advanced 
phagocytic cells) by modifying the functions of NADPH-
dependent oxidase[13]. Various studies have explained the 
process by which macrophages generate respiratory burst when 
a host organism is infected by pathogens[14,15]. In the current 
study, PMA and FMLP were used to trigger respiratory burst 
in macrophage-like cell and the rate of oxygen consumption 
determined. The respiratory burst experienced may be essential 
in a number of ways, namely, normal development, innate 
and acquired immunity, homeostasis and tissue repair. Our 
choice of human U937 pro-monocytic cell line was preferred 
in the study because of its reliability as a model for monitoring 
cell regulation[16-18]. Available data indicate that all-trans-
retinoic acid at effective concentrations improved myeloid/
lymphoid dendritic cell ratio, dendritic cell function, and 
antigen-specific T-cell response which did not result 
in significant toxicity and could be tested in therapeutic 
combination with cancer vaccines[19]. This differentiation forms 
a functional network which includes the decrease of cellular 
proliferation, maintenance of cell viability, increased protein 
modulation, and promotion of granulocytic maturation[20]. 
1, 25- Dihydroxyvitamin D3 (calcitriol) itself could be used 
to induce monocytic differentiation in U937 cell lines[21]. It 
induces differentiation of immature myeloid cells such as the 
promonocytic cell line THP-1 along the monocyte/macrophage 
lineage leading to enhanced expression of the monocyte 
differentiation markers CD11b and CD1[22,23].
   The study therefore aims at determining basic immuno-
stimulatory ability of retinoic acid and calcitriol in monocytic 
cell lines stimulated by PMA and FMLP and measured in terms of 
their intracellular oxygen consumption.
   It is generally known that in the human immune response 
system, neutrophils are the first host cell to arrive at sites of 
pathogen invasion with an intrinsic capacity to kill a variety 
of invading organisms. Immune cells normally release various 
toxic agents targeted at microbial destruction[24]. Several 
studies have established the identity of the respiratory burst 
enzyme to be a multicomponent NADPH oxidase which is 
activated at the cytosolic part of the plasma membrane[25]. This 
enzyme is directly responsible for the respiratory burst function 
in immune cells. Subsequent reactions possibly lead to the 
formation of other toxic species, including hydrogen peroxide 
(H2O2), hypochlorous acid (HOCl), hydroxyl radical (OH
-
) and 
singlet oxygen (1O2)[26,27]. 
   Nevertheless, an average adult at rest exchanges about 7-8 
litres of air per minute, a total of about 11 000 litres of air in a 
day[28]. About 550 litres of oxygen is consumed by individuals 
per day and 5% used in each breath is converted to carbon 
dioxide. Recent works however, have shown abnormal 
immunity to be related to oxidative imbalance and lower oxygen 
consumption. 
2. Materials and methods
2.1. Reagents
   Chemical and tissue culture supplies were purchased from 
Sigma-Aldrich specifically trypan blue, amphotericin B, 
penicillin and calcitriol, PMA and FMLP. Human U937 pro-
monocytic cell was obtained from European Collection of Cell 
Culture (ECACC), Salisbury SP4 0JG, UK. All other chemicals used 
were of analytical grade. 
2.2. Cell culture, stimulation and experimental design
   The U937 pro-monocytic cells were maintained at 1-10伊
10
5 cells/mL in DMEM/F12 medium supplemented with RPMI 
1640 medium containing 10% fetal bovine serum and 2 mmol/L 
glutamine. Medium was provided separately with 100 unit/mL 
penicillin and 100 unit/mL amphotericin B as antibacterial and 
antifungal agents respectively. The cells were subcultured at 2
伊10
5 cells/mL every 3-4 d; 3伊106 cells were washed with RPMI 
and stimulated by culture in either 1 µL of 10 µmol/L FMLP or 1 
µL of 1 µmol/L PMA in 3 mL of RPMI with fetal bovine serum in 
polypropylene culture tubes for 72 h. 
   Unstimulated cells were prepared by washing in RPMI and 
incubating in culture flasks at 3伊106 cell/mL for 24 h. The 
investigation was carried out in two stages. First, factors 
establishing differentiation of promonocytic myeloid U937 
cell lines before inducing respiratory burst were defined by 
treating the cells with 20 µL of 100 µmol/L calcitriol and a 
parallel treatment with 10 µL of 10 mmol/L retinoic acid to 
stimulate proliferation and differentiation of myeloid cells[29]. 
All experiments were done in triplicates. The controls remain 
untreated.
2.3. Measurement of cell proliferation and cell counting
   To estimate cell proliferation in the retinoic acid, the calcitriol 
treated U937 cell suspensions, the cells and the respective 
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controls were counted in each case after 72 h of incubation. Cell 
density was estimated in cells/mL and cells viability checked 
with trypan blue. 
2.4. Differentiation of U937 cell lines and measurement of 
respiratory burst activity
   The promonocytic non-differentiated U937 cell lines were 
cultured using cell culture flasks in DMEM/F12 medium 
supplemented with 100 µmol/L of calcitriol. Similar treatment 
was also made with 10 mmol/L retinoic acid supplementation. 
For treatment with retinoic acid, 10 µL retinoic acid was mixed 
with 990 µL PBS in the same test-tube and 200 µL of this 
solution was transferred into the U937 cell culture flask. Also 20 
µL of calcitriol in calcitriol treatment was transferred into the 
U937 cell suspension. Both cell lines were incubated for 72 h. 
Measurement of respiratory burst/O2 consumption was done with 
a Clark electrode attached to an oxygen-monitoring system (YSI 
Inc., Yellow Springs) with a chart recorder. The Clark electrode 
has a comparable sensitivity with MitoXpress fluorescent assay. 
It offers the unique opportunity to add external compounds 
during experiments, shows great sensitivity in studying enzyme 
and chemical reactions that consume oxygen when compared 
with electron paramagnetic resonance oximetry and fluorescent 
assay[30]. The electrodes: a platinum cathode and silver anode 
were equilibrated at 37 °C in a stirred, sealed chamber with a 
capacity of 350 µL. The calculation was done as follows:
% O2 consumption=r/12.5伊100
r=0.5伊distance travelled by agonists 
Where, speed of oxygen electrode chat recorded (constant)=0.5 
mm/min, distance travelled by cells with no agonist across the 
chat graph sheet=25 units, therefore speed without agonist=12.5 
mm/min.
 
2.5. Statistics
   Data were expressed as mean±SD and the number of 
experiments was represented by n. A paired t-test was used to 
compare average oxygen consumption before and after addition 
of agonists FMLP and PMA to cells. Independent t-test was used 
to compare average oxygen consumption observed in retinoic 
acid and cacitriol treatment. Data were analyzed using SPSS 
and statistical significance between datasets was expressed as 
P≤0.05.
3. Results
3.1. Proliferation of U937 cells resulting from treatment with 
retinoic acid and calcitriol
   To estimate cell proliferation in the retinoic acid and calcitriol 
treated U937 cell suspensions, the cells and the respective 
controls were counted in each case after 72 h of incubation. 
The proliferation of retinoic acid and calcitriol-treated cell 
lines varied (Figure 1). However, the concentration of cells per 
mL obtained increased significantly (P<0.05) in retinoic acid-
treated cells (7.96伊106 cells/mL) when compared with that of 
calcitriol-treated (4.24伊106 cells/mL) sample. 
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Figure 1. Proliferation of U937 cells resulting from treatment with 
retinoic acid and cacitriol.
Average difference observed in concentration per mL cell 
suspension after 72 h of incubation of 5伊10
6 cells/mL U937 cell 
suspension pre-treated with 20 µL of 100 µmol/L calcitriol and 
with 20 µL of a mixture of 10 µL of 10 mmol/L retinoic acid and 990 
µL PBS. Values were presented as means±SEM, n=3 independent 
experiments. *Different from control and calcitriol, P<0.05.   
*
3.2. Oxygen consumption of U937 cells treated with retinoic acid 
and calcitriol
   The percentage rate of oxygen consumption was significantly 
(P<0.05) higher in cells pre-treated with calcitriol [(65.21±0.96)%] 
than those treated with retinoic acid [(34.78±0.82)%] (Figure 2).
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Figure 2. Oxygen consumption of U937 cells treated with calcitriol 
and retinoic acid. 
Average difference observed in the generation of respiratory burst 
when 5伊10
6 cells/mL of U937 cell suspension was pre-treated with 20 
µL of 100 µmol/L calcitriol, 10 µL of 10 mmol/L retinoic acid and 990 
µL PBS  incubated for 72 h. Values were presented as mean±SEM, 
n=3 independent experiments. *Different from control and calcitriol, 
P<0.05.  
*
3.3. Percentage oxygen consumption of U937 cells stimulated 
with PMA and FMLP
 
   The oxygen consumption of differentiated U937 cells exposed 
to PMA and FMLP (Figure 3) increased significantly (P<0.05). The 
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presence of PMA in calcitriol treated cells resulted in 55% oxygen 
consumption more than the control (without PMA) (Figure 3). 
Similarly, FMLP oxygen consumption was significantly (P<0.05; 
78%) higher in the calcitriol treated cell than the retinoic acid 
and control cell lines.
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Figure 3. Rate of oxygen consumption of U937 cells stimulated with 
PMA and FMLP expressed as relative percentage.
Oxygen consumption induced by treating cells with 1 µL of 1 µmol/L 
PMA and 1 µL of 10 µmol/L FMLP. Respiratory burst was investigated 
by pre-treating 5伊10
6 cells/mL of U937 cell suspension with 20 µL of 
100 µmol/L cacitriol followed by incubation for 72 h. The results were 
presented as mean±SEM. * Indicates significant differences (P<0.05) 
when compared with the control. 
4. Discussion
   This investigation was carried out to probe the phenomenon of 
respiratory burst observed in calcitriol and retinoic acid treated 
cells of differentiated and non-differentiated immune cell lines 
which could aid in creating an immunological action used as a 
stimulatory agent. The relatively lower concentration of cells per 
mL in calcitriol-treated U937 cell suspension and the increased 
concentration obtained with retinoic acid treatment suggest that 
calcitriol could evoke normal differentiation of U937 cells with 
a corresponding limited cell proliferation. Interestingly, cells 
lose their capacity to divide and proliferate as they differentiate. 
Undifferentiated cells therefore, have greater capacity to 
proliferate[31]. The result obtained here is supported by similar 
experiments where calcitriol-treatment of U937 cells showed an 
early proliferation burst followed by marked growth inhibition 
and accompanied differentiation[32]. It should be understood 
that the “proliferation burst” reported by Nynke et al.[32] was at 
the first 12 h of incubation but we observed after 72 h incubation 
time. The relative decrease in the concentration of differentiated 
cells by calcitriol was also shown in other related studies[33,34] 
and after 72 h incubation period[35]. It is known that calcitriol 
[1, 25(OH)2 D] exerts biological activity through the vitamin D 
receptor. This could suggest that inhibition of cell proliferation 
in myeloid cell lines may be related to the activity of calcitriol 
receptors (typical of U937 cells) as other investigators reported 
none or limited inhibition of proliferation in other myeloid cell 
lines such as KG1 and KG1a (lacks the calcitriol receptor) when 
treated with calcitriol[36].
   CD14 antigen has been reported to be present in most 
differentiated and mature monocytes and macrophage-like 
cells[37]. U937 cells pre-treated with calcitriol could express 
CD14 in appreciable amounts after 72 h incubation[38,39]. 
Generally, CD14 mRNA have been reported to increase in 
a time- and dose-dependent manner when treated with 
calcitriol[40]; this may suggest that only calcitriol could 
induce differentiation of U937 cells along monocytic pathway. 
Furthermore, the effect of retinoic acid on promonocytic U937 
cells in the study might be related to the interaction of the acid 
and some cellular binding proteins as retinoic acid has been 
reported to induce differentiation of cell lines (HL-60) toward 
the granulocytic pathway probably by its interaction with 
cytoplasmic binding proteins[29,41].
   Oxygen consumption by immune cells presents a method of 
measuring respiratory burst in humans. Respiratory burst in 
macrophages and monocytes may be stimulated either naturally 
or artificially in the form of particulate bodies. In this present 
study, we showed that calcitriol causes differentiation of U937 
cells and decreased cell proliferation. These results clearly 
indicate that calcitiol could induce respiratory burst in human 
macrophages and monocytes with a limited cell proliferation. 
This may be employed in the measurement of partially-
differentiated cell lines in combination with other oxidative 
markers such as superoxide. 
   PMA and FMLP are proven stimulators of respiratory burst 
in monocytic and macrophage-type cells. Generation of 
respiratory burst by stimulated cells have been associated with 
the NADPH oxidase subunits interaction[42,43], in oxidized low-
density lipoprotein (oxLDL) phox (47 and 67) subunits[44]. The 
result here suggests the ability of calcitriol to potentiate cell 
differentiation more in FMLP environment. Previous studies have 
shown p40phox activity as a mechanism of respiratory burst 
production though it is less studied[45,46]. Specifically, the high 
metabolic rate (oxygen consumption rate) observed in the cells 
shows that calcitriol effect has an increased 02 consumption 
rate (Figure 2) and reduced proliferation while RA favours 
proliferation. Thus, calcitriol treatment provides a selective 
advantage for differentiation with a reduced proliferation. Our 
supplementation with 1 mmol/L calcium chloride maintained 
the intracellular calcium ion level and improved agonist-
stimulation of respiratory burst in the cell model used. The 
presence of PMA and a high calcium ion also may have 
increased PKC activation and membrane association. 
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   This research investigated the capacity of retinoic acid 
and calcitriol to induce differentiation toward different 
cell types in in vitro cell culture. It becomes apparent that 
calcitriol may serve as a promoter of normal differentiation 
of precursor cells which may exert an immunological 
action that could increase immune cell activity of the host 
as well as serve as a possible marker for mature monocytes. 
The activity of calcitriol, in the present study supports 
the potentiating effect of vitamin D on some common 
anticancer agents due to its low proliferation capacity.
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